introduction
Oncological pathology is a complex problem characterized by high prevalence and incidence. The use of the various opioid drugs has increased exponentially each year in chronic benign and malignant pain. 1 Many of its primary effects on organic systems are diverse, complex, and not fully known. 2 Potential results and long-term effects of sedoanalgesia in the field of anesthesiology and critical medicine evoke increasing interest and importance, especially after the advent of oncologic surgery. 3, 4 It is suggested that different anesthetic and/or analgesic techniques may influence the rates of surgical infection, cancer recurrence, post-surgical chronic pain, need for transfusion of blood products, episodes of cardiac ischemia, neurological ischemia and cognitive dysfunction in the elderly and neonates. 5 The possible mechanisms by which sedoanalgesia in critically ill patients favors the presence of healthcare--associated infections (HAI) in a classical way are a possible prolongation of the exposure to several risk factors, the presence of micro-aspirations, changes in microcirculation and in gastrointestinal motility.
Sedoanalgesia modifies immune function, but its actual clinical importance is unknown. Studies by Helmy et al. 6 and Hermann et al. 7 show that different hypnotic drugs such as propofol, midazolam and sevoflurane can produce pro-inflammatory or anti-inflammatory immune changes. The antioxidant properties of propofol have been related to its anti-inflammatory effect and therefore are described as contributing to the alteration of neutrophil phagocytosis against certain bacteria. 8 As for midazolam, its role is described as a suppressor of the innate immune response. 8 Moreover, it is linked with the inhibition of the release of cytokines, and thus of interleukins (IL) 1 and IL-6 in the central nervous system. 9 On the other hand, multiple investigations in animals and humans demonstrate the immunosuppressive effects of opioids 10 and, therefore, administration of these drugs has been associated with increased susceptibility to certain bacterial and viral infections. 11 Morphine is associated with decreased lymphoproliferative processes, natural killer (NK) lymphocyte activity, and interferon-γ and IL-2 production. 2 The relation between opioids and impaired immune function is constantly referred to in the medical literature, and there is a consensus that opioids act in the modulation of the immune system. Currently, there is a growing interest in elucidating the possible influences of opioid use in the management of patients with pain. 2, 12 Traditionally, as documented since the 9 th century, there has been an increase in the incidence and severity of infections among opiate users. The potential target of the immunosuppressive effect of opiates is not fully understood, but different investigations appear to indicate bidirectional connections between the neural, endocrine and immune systems, placing it peripherally based on the expression of the MOP receptor on immune cells with implications at the central nervous system level. 12, 13 The administration of opioids affects the immune system in different degrees and manners. 2 The clinical relevance of this immunological role is not well-known. The mechanisms of immunomodulation of opioids may be in vitro or in vivo (Table 1 ). In the first case, there is a change in the phagocytic and chemotactic function of neutrophils and monocytes with increased apoptosis of lymphocytes and phagocytic cells.
14 In vivo investigations seem to relate changes in the downregulation of protein C, somatostatin and nitric oxide with a decline in NK cell function, suppression of inflammatory cytokines with a sympathetic nervous system activation that promotes high levels of norepinephrine and which could be related with immune suppression. 2, 12, 15 There is a close relation between cancer, inflammation, sepsis and immunity. 16 This relationship is based on the interaction that is produced between the inflammatory cells in the presence of several cytokines. A state of immunosuppression may be influenced by the underlying disease itself, the surgical and anesthetic-analgesic techniques, chemo and radiotherapy employed.
There is a wide variety of opiates used by different routes, such as morphine, fentanyl, hydromorphone, oxycodone, tapentadol, buprenorphine, tramadol, codeine, alfentanil, sufentanil, remifentanil, etc. 17 Because of their widespread use, the immunological effects of opioid drugs receive considerable attention, knowing that the changes induced by these drugs in the immune system may affect surgical outcomes or a variety of chronic pathological processes. On the other hand, we are starting to learn and understand that not all opioid drugs have the same profile and therefore do not induce the same immunomodulatory effects (Table 1) . 18 The clinical relevance of these effects is unknown and there are no recommendations for the use of opioids in various clinical situations regarding the immunological consequences of these drugs.
Animal studies suggest that opiates withdrawal induces a state of immunosuppression that would increase the risk of infections 19 and, thus, changes in immunomodulation caused by certain drugs may be responsible for a part of the HAI-related complications in critical medicine. Recently, it was reported that anesthetic techniques and different sedoanalgesia regimens could be an important confounding factor when comparing sepsis mortality investigations. 11 Therefore, due to the inconsistent results of investigations in animal and human models, the clinical relevance of the suppression of the immune system caused by hypnotics and opiates is unclear. 20 The aim of our investigation was to assess the hypothesis that remifentanil discontinuation is associated with an increase in HAI rates in a subpopulation of critical post-surgical patients according to the etiology of the underlying disease.
Method
After approval by the Hospital Ethics Committee, a prospective and observational study of a historical cohort in a 6-bed Post-Anesthesia Care Unit (PACU) was conducted during the years 2010-2012.
All patients older than 18 years hospitalized at the unit for more than 4 days were consecutively selected. The investigated population included surgical patients of any origin sedated with any hypnotic and treated with remifentanil as analgesic opioid infused continuously for at least 96 hours. Patients who died during the stay in the unit and those under combined analgesia (peripheral or neuraxial blocks) were excluded. Doses of midazolam, propofol and remifentanil are described in the unit's sedoanalgesia protocol ( Figure 1 ) and are in accordance with the guidelines of the Society of Critical Care Medicine. 21 Withdrawal syndrome is treated following the strategy of sequential sedation.
The main variable in our investigation was the number of healthcare-associated infections acquired in the PACU during the days of hospitalization. We also considered the incidence density, defined as the number of infections acquired in the unit per 1,000 days of hospitalization.
The cutoff point for differentiating early and late HAIs was determined as 6 days before and after cessation of remifentanil.
There is a nosocomial infection surveillance system with systematic and routine detection of multiresistant microorganisms. Only the infections confirmed by the Microbiology Service were considered in our study. A number of nosocomial infections were defined according to the definitions adopted by the Centers for Disease Control and Prevention (CDC). 22 Other variables included age; sex; APACHE II (Acute Physiology and Chronic Health Evaluation II) classification; ASA (American Society of Anesthesiologists) index; McCabe score; number and type of comorbidity; cause of hospitalization; number of surgical re-interventions; previous antibiotic treatment; length of stay in critical care; Ramsay scale; rate of central and arterial venous catheter usage; closed urinary catheters and mechanical ventilation; number of re-intubations; tracheotomy; duration and type of antimicrobial agent; dose of remifentanil, midazolam or propofol; use of neuromuscular blocking drugs; and mortality.
Recommendations based on the guidelines of the Sociedad Española de Anestesiología y Reanimación adapted to the local epidemiology of bacterial resistance of our critical care unit were adopted for the empirical treatment of infectious processes. 23 In patients with sepsis at hospitalization, vigorous resuscitation with fluids and hemodynamic support measures were initiated, including vasopressors in case of hypotension or lactate > 4 mmol/L, low-dose corticosteroids in patients with septic shock, invasive mechanical ventilation for pulmonary protection, blood glucose control between 150-180 mg/dL, assessment of the need for surgical intervention or percutaneous drainage, bacterial cultures and introduction of empiric antimicrobial treatment, as advocated in the Surviving Sepsis Campaign. 24 The data analysis was performed with Stata statistical software version 7.0. The results are presented as number, percentages for categorical variables, and mean with their standard deviation for the quantitative variables. Univariate analysis was used to determine the factors associated with nosocomial infection. Qualitative variables were compared using Pearson's Chi-square test or Fisher's exact test, as appropriate. Quantitative variables were compared using the Mann-Whitney test or Student's ttest. Statistical significance was defined as p<0.05. In patients with nosocomial infection, exposure to potential risk factors was taken into account until the onset of the last episode of infection. Patients with various infections were considered at risk until the last episode. A comparative study was carried out between 6 days before and 
results
The number of patients who were admitted to the PostAnesthesia Care Unit during the investigation period was 1,789. After applying the inclusion and exclusion criteria, the eligible population consisted of 102 patients whose analgesia protocol was the intravenous infusion of remifentanil for at least 96 hours. The hospital mortality of the cohort was 36.27%. The demographic and prognostic characteristics of the population are summarized in Table 2 and the clinical variables in Table 3 . Fifty-nine cases (59/57.84%) of hospitalizations at the unit were urgent. The main etiology for hospitalization was the occurrence of secondary peritonitis after urgent surgeries (23.52%).
Ninety percent (90%) of the patients were treated with simultaneous sedation with hypnotics, while the others did not receive sedative drugs. Remifentanil infusion during the investigation period was 11.45±11.57 days ( Table 4) .
The most frequent HAI was pneumonia associated with mechanical ventilation, and Pseudomonas aeruginosa was the most frequently isolated microorganism. The rate of use of medical devices in the investigated population admitted to PACU and treated with remifentanil for at least 96 hours is shown in Table 5 . Figures 2 and 3 show the number of HAI in a temporal relation with the administration and cessation of remifentanil according to the underlying disease (oncological and non-oncological patients of the cohort). There were no statistically significant differences in the incidence of HAI in the oncological patients regarding remifentanil cessation using the Mann-Whitney U test (p=0.068) ( Table 6 ).
discussion
Sepsis is a critical problem in all areas of clinical medicine. 25, 26 New and complex immunological investigations conducted during sepsis suggest that immunosuppression is the determinant of mortality in severely ill patients. [27] [28] [29] A shift in the traditional sepsis paradigm focuses on immunostimulation to improve clinical outcomes as a key to new therapeutic options.
The main finding in our study is a quasi-significance and the existence of two temporal patterns of post-surgical patient behavior after opioid withdrawal according to the underlying disease or etiological diagnosis ( Figures  2 and 3 ), which is why these patients should be monitored closely for the consequences of a delayed diagnosis. 30 We observed a high incidence of HAI within 6 days after the discontinuation of opioid analgesia (remifentanil) in the population of oncological patients, with an antagonistic pattern among non-oncological postoperative patients. This different pattern in cancer patients hospitalized in our unit has been described by other authors in relation to the use of opiates, as reported by Schwacha et al. 31 in burn patients and by Nseir et al. 32 in critically ill patients after a multivariate analysis.
Patient characteristics play a key role in the risk of infection, 33 while, in the surgical setting, duration of mechanical ventilation, patient severity based on the APACHE-II index, albuminemia, and time of hospitalization prior to intervention are known factors favoring HAI.
Analyzing the characteristics of our cohort, we observed a homogeneous distribution of the sample in both groups in terms of age and sex (oncological and non-oncological), although they are not fully comparable due to differences in severity at hospitalization, comorbidity number and days of stay in PACU, which are factors predisposing to nosocomial infection, 34 and which could partially justify the differences in the incidence of HAI between groups.
Severity at hospitalization, days of mechanical ventilation and patient immuno-depressive states were factors associated with HAI acquisition in our post-surgical critical care unit. These results are in agreement with the results obtained by Nserir et al of the risk factors for HAI acquisition in critically ill patients. 32 In our series, the high utilization rate of intrinsic risk medical devices is characteristic. These devices, along with artificial nutrition and the use of immunosuppressive therapies, are identified as extrinsic risk factors for infection. 35 The justification for these high ranges of device use may be the generalized involvement of organs and systems that are produced in patients affected by severe infections and who will require ventilatory, hemodynamic and diuretic support, as well as continuous monitoring of body functions, to assess the effectiveness of the measures put in place for treatment. In the medical literature, intubation and presence of central vascular catheter are the most prevalent extrinsic risk factors in hospital acquired infection, 36 which coincides with our investigation. Our study does not determine whether acute use and discontinuation of remifentanil are independent risk factors for nosocomial infection, unlike results reported by Nseir et al. 32 This study showed, after a logistic regression analysis, that there is a high incidence of nosocomial infection during the 4 days after cessation of remifentanil-based analgesia.
In this context, cancer is a pathology closely related to the immune system. Cancer generates a state of immunosuppression that causes the patient to present an 
FIGURE 2 Time relation between healthcare-associated infections (HAI) and intravenous remifentanil analgesia in oncological patients in a
Post-Anesthesia Care Unit (p=0.068). increased risk of infectious disease. Likewise, there appears to be an inverse relationship in which immunosuppression would increase the risk of oncological pathology. 37 Several investigations clearly show contradictory data regarding the immunological action of opioids in the perioperative period. 38, 39 A study by El Solh et al. 38 reveals that morphine administration in patients undergoing coronary revascularization is associated with an increased risk of nosocomial pneumonia. In contrast, Spies et al. 39 indicate that low doses of morphine protect against the development of nosocomial pneumonia after cancer surgery. Our results appear to be more in agreement with the first group cited.
Several investigations describe the immunomodulatory properties of opiates depending on the acute or chronic use and dosage. 7, 40, 41 Several other studies indicate that morphine is the opioid with the highest degree of impact on the immune system, which is transient with fentanyl and non-existent with tramadol and buprenorphine. As for remifentanil, the available studies show discordant results. Therefore, each substance appears to have a different effect and synthetic opioids appear to have less immunological impact due to weak interaction with leukocyte opioid receptors. This weak association described for synthetic opioids could also partially explain our results.
The use of potent immunosuppressive drugs or analgesia required by this type of patients, presented as the top rungs of the WHO analgesic ladder, may increase the risk of nosocomial infection. 42 On the other hand, many of them receive surgical treatment, which also presupposes an increase in the immunosuppression of the patient caused by both the surgery itself and the anesthesia used during the procedure, although in our investigation all patients were operated under general anesthesia, with no associated regional techniques.
Our sedation protocol is based on recommendations established in the literature. For both short-term sedation and prolonged sedation, it is recommended to use propofol for superficial sedation in hemodynamically stable patients, with special attention to triglyceridemia. Midazolam should be used in hemodynamically unstable patients with no need for frequent neurological assessment, while remifentanil and/or propofol are indicated for sequential and dynamic sedation, and ketamine is contraindicated as prolonged infusion. 43, 44 FIGURE 3 Time relation between healthcare-associated infections (HAI) and intravenous remifentanil analgesia in non-oncological patients in a Post-Anesthesia Care Unit (p=0.002). The use of the drugs is related to the modification of immune cellular functions through several mechanisms not yet fully known. In this sense, the investigation by Helmy et al. 6 shows that different hypnotic drugs can produce pro-inflammatory or anti-inflammatory immunological changes. This fact may suggest a bias in our analysis.
Although there is a change in immunity in patients treated with propofol 8 or midazolam 9 which might be biased in our investigation due to differences between these drugs, we have to say that in our cohort there are no differences in their use between oncological and nononcological patient groups, although there may be a difference in the time of use.
In our cohort, as we indicated before, oncological and non-oncological patient groups are not fully comparable due to differences in severity at hospitalization, number of comorbidities and days of stay in the critical care unit, which are factors that predispose to infection 31 and may partially justify the differences in the incidence of nosocomial infection between groups. However, other immunomodulatory perioperative factors should be considered, such as hypothermia, pain, stress, steroid use, blood transfusion, etc., which may be associated with enhanced immunosuppression and function as confounding factors in the different human studies. 2, 45 Immunosuppression presented by critical oncological patients is a complex multifactorial process that depends not only on the oncological disease itself, but also on the diagnostic and therapeutic measures used to solve or improve the patient's clinical condition, their genetic characteristics, comorbidities, multiorgan dysfunction, etc.
We can identify different limitations in our work, especially sample size and the fact that the study is being performed in a single critical care unit. Secondly, the possible occurrence of infra-sedation or over-sedation, with the possible immunological and infectious changes that this may cause, and which were not considered in the present investigation. Thirdly, there is no control group. Lastly, the lack of results for immunological markers related to cancer disease, which would allow us to better identify the relation between cancer, immunosuppression, remifentanil-related suppression, immunosuppression and healthcare-associated infection.
In conclusion, the baseline immunosuppression status of oncological patients does not lead to an increased incidence of HAI related to remifentanil discontinuation. This is a fascinating topic, current in critical care medicine and with relevant grey areas, so it may be of interest to carry out a multicentric PACU investigation that includes immunological standards to confirm the results of studies that postulate a immunomodulatory, and not only immunosuppressive, effect of the different sedoanalgesia strategies in critical patients.
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resuMo Opioides e imunossupressão em pacientes oncológicos pós-cirúrgicos Introdução: Recentes pesquisas utilizando animais demonstraram efeitos imunossupressores depois da suspensão de opiáceos, associados a um maior risco de infecção nosocomial. O objetivo desta investigação foi determinar o impacto da interrupção do opioide remifentanilo em uma Unidade de Reanimação Pós-cirúrgica (URP) nas infecções associadas aos cuidados da saúde depois de uma pauta de sedoanalgesia de ao menos 6 dias. Método: Foram relacionados de forma consecutiva todos os pacientes maiores de 18 anos com internação na unidade superior a 4 dias. A população investigada foi aquela afetada por patologia cirúrgica de qualquer origem, na qual a sedação esteve baseada em qualquer hipnótico e como analgésico, foi utilizado o opioide remifentanilo durante pelo menos 96 horas em perfusão contínua. Foram excluídos os pacientes que faleceram durante a internação na unidade e aqueles com analgesia combinada (bloqueios periféricos ou neuroaxiais). Foi realizada uma análise bivariante para determinar fatores de risco para a infecção adquirida na unidade. Foi realizada uma investigação comparativa entre períodos dos 6 dias anteriores e posteriores à interrupção de remifentanilo. Utilizamos o teste de amostras pareadas e a prova de McNemar para as variáveis quantitativas e categó-ricas, respectivamente. Resultados: O número de pacientes internados na URP durante o período de investigação foi de 1.789. Depois de aplicar os critérios de inclusão e exclusão, a população elegível ficou constituída por 102 pacientes. A densidade de incidência de infecção de forma global foi de 38 por cada 1.000 dias de internamento. A pneumonia associada à ventilação mecânica foi a infecção adquirida mais frequente e Pseudomona aeruginosa, o micro-organismo mais frequentemente isolado. A mortalidade hospitalar foi de 36,27%. Não foram observadas diferenças estatisticamente significativas na incidência de IACS em pacientes oncológicos em relação à descontinuação de remifentanilo (p=0,068). Conclusão: O estado basal de imunossupressão dos pacientes oncológicos não implica uma maior incidência de IACS em relação à interrupção do remifentanilo. Seria interessante a realização de uma investigação multicên-trica de URP que incluísse padrões imunológicos.
Palavras-chave: remifentanilo, morfina, opiáceos, infecções nosocomiais, infecção associada aos cuidados da saúde, síndrome abstinência, imunossupressão, cuidados críticos, mortalidade.
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